Journey to the Center of the Brain
Optogenetics is a powerful tool for understanding how neural circuits function to control behavior, enabling researchers to alter the function of light-sensitive receptors or ion channels through pulses of light. But tissues such as the mammalian brain pose particular challenges for this technique because they are difficult to access without causing damage, and the relatively bulky devices normally used to deliver light may affect the behavior of the animals studied. Kim et al. (2013) devise tiny optoelectronic devices that can be implanted in the mammalian brain and controlled wirelessly, allowing the stimulation of light-sensitive proteins with subcellular precision. The miniature light-emitting diodes (LEDs) are more than 1,000-fold smaller than conventional LEDs and can be designed to emit light in several wavelengths compatible with existing light-sensitive proteins. Activation at frequencies typically used in optogenetic experiments generates heat at a rate that is efficiently dissipated by the surrounding tissue. The devices may include a temperature sensor also capable of generating heat and an electrode able to distinguish individual action potentials, enabling use in electrophysiology. These devices can be attached to a needle using a silk-based adhesive, allowing implantation in a mammalian brain by injection followed by dissolution of the adhesive using artificial cerebrospinal fluid, leaving the device in place when the needle is withdrawn. Their tiny size and flexible construction allows the devices to be well tolerated over months, and they are powered by light-weight power scavenger devices, which can be attached to mice for use in behavioral assays. The authors use these devices to have the mice wirelessly self-stimulate their dopamine neurons in various behavioral assays, similar to what has been done with conventional optogenetic methods, and they suggest broad biomedical applications for similar devices. Kim, T.-i., et al. (2013) . Science 340, 211-216.
Reading a Tiny Compass
Magnetic imaging has applications in biological research and in medicine, but existing methods have limited spatial resolution and thus cannot visualize subcellular structures, or their operating conditions preclude their use with living biological samples. Le Sage et al. (2013) present a method for the imaging of biomagnetic structures in living cells that has both subcellular resolution (400 nanometers) and wide field of view (100 microns), can be carried out within minutes, and can be combined with optical imaging. The authors apply the method to magnetotactic bacteria, which form membrane-bound organelles containing tiny particles of iron-containing compounds ordered in chains with a net dipole moment. The magnetosomes cause the bacteria to orient along geomagnetic field lines, which is believed to allow them to move to regions of optimal oxygen concentration. It was previously shown that fluorescence from nitrogen-vacancy (NV) color centers in diamond (nitrogen atoms adjacent to vacancies in the diamond lattice) allow magnetic sensing and imaging at nanometer scale, but high-resolution imaging of targets outside the diamond crystal has been a challenge. Living cells are placed in liquid on a diamond crystal containing a thin surface layer enhanced with NV centers. When the high-intensity green light used for NV excitation is applied at the proper angle, this light is reflected within the diamond and thus prevented from harming the cells, while low-intensity red NV fluorescence passes out of the diamond and is collected on a camera for magnetic imaging. Magnetosomes can thus be imaged in single cells, enabling study of the requirements for nanoparticle chain formation and visualization of chain formation in real time. The method could also be used to search for magnetoreceptor cells believed to exist in vertebrates, and it might be adapted to the study of firing neuronal networks in culture and the detection of free radicals generated in cells. Le Sage, D., et al. (2013) . Nature 496, [486] [487] [488] [489] 
